OBJECTIVES: In the era of minimally invasive surgery, preoperative detection of pleural adhesions can be very useful for the assessment of surgical approach, because pleural adhesions are the main contraindication to video-assisted thoracoscopy. The aim of this study was to assess the sensitivity and specificity of transthoracic ultrasound in the detection of pleural adhesions prior to thoracic surgery.
INTRODUCTION
During the last 20 years, minimally invasive surgery has become progressively more widespread. However, a major contraindication to video-assisted thoracic surgery (VATS) is the presence of pleural adhesions, and their presence is a common cause of conversion to open surgery, with associated extra morbidity, operative time and cost [1] .
To date, in the literature there is still no gold standard to predict the presence of pleural adhesions. Chest tomography has shown only moderate utility in predicting adhesions [2] . The ability to predict the presence and the location of pleural adhesions can aid in the choice of the surgical approach (open vs. VATS) and the trocar insertion sites.
The purpose of this prospective double-blinded study was to assess the value of transthoracic ultrasound (TUS) in the detection of pleural adhesions prior to surgery. A standardized approach was used to determine the accuracy of TUS in different lung segments and in different subgroups of patients.
MATERIALS AND METHODS
Between February 2010 and January 2011, 220 consecutive patients were scheduled for elective thoracotomy or thoracoscopy at the Sant'Orsola-Malpighi Hospital.
In this study, we enrolled 142 patients; 78 patients were excluded because of urgent surgery, untreated pneumothorax, massive pleural effusion or diaphragmatic palsy. Patients with prior thoracic surgery or with bullous disease were included. The Ethical Committee approved the study and informed consent was obtained from all the patients.
The demographics and surgical procedures undergone by our population are described in Table 1 .
Our primary endpoint was to determine the accuracy of TUS in predicting pleural adhesions before thoracic surgery. Secondary endpoints were the assessment of differences in sensitivity and specificity of TUS for the detection of pleural adhesions in different lung areas and in particular subgroups of patients.
On the day before surgery, a TUS examination was performed using a Sonograph GE (Farfield, CT, USA) Logiq® 7. A 3.5-5 MHz convex transducer in all the patients. All patients were examined in the sitting position, with the arm on the affected side elevated and the hand positioned behind the neck. They were asked to breathe deeply, exaggerating their degree of respiratory excursion.
To standardize the approach and to make it repeatable, we created a topographic map of projections of pulmonary segments ( Figure 1 and Table 2 ). According to our topographic map, to assess the accuracy of TUS before surgery, we looked for adhesions at these sites. All the suspected adhesions were located in the corresponding lung segment and archived in an electronic database. For patients who had undergone a previous To perform the examination, the probe was applied tangentially to the chest wall, with acoustic coupling being achieved using conventional gel between the transducer and the skin. The examination was carried out longitudinally in the acoustic windows of the intercostal spaces. The focus was set on the pleural line.
We started with real-time B-mode examination, looking for the presence or the absence of the 'gliding sign' (GS), which is a bright to-and-fro movement visible at the pleural line, caused by normal sliding of the visceral pleura on the parietal pleura, synchronized with breathing movements. The presence of the GS is associated with the absence of adhesions. In the presence of pleural adhesions, pleural sliding is absent. The GS is easy to observe at the lung bases, where the sliding is greater. At the apex, the GS is smaller and harder to see [3, 4] . Lack of pleural sliding is also most commonly seen in chronic obstructive pulmonary disease (COPD) patients [4, 5] .
In doubtful cases, when COPD patients were evaluated or when the gliding sign was hard to detect by B-mode, an M-mode examination was performed.
All scans were carried out and interpreted by two thoracic surgeons (Nicola Cassanelli or Guido Caroli) trained in TUS and blinded to preoperative imaging.
During the operations the surgeon, blinded to the predictions, was asked to carry out a complete exploration of the hemithorax, checking for adhesions, to confirm or exclude each prediction and to document other adhesions not previously identified.
Data were stored electronically with OpenOffice (Apache Software foundation, Forest Hill, MD, USA) Calc 2.0 for Windows.
We 
RESULTS
Our population included 142 patients (male, 98; female, 44), with a mean age of 63.4 ± 13.4 years (range 36-83 years). The investigation of all the sites was possible in all of the patients. The time required for the TUS examinations ranged from 5 to 10 min.
Based on our topographic map, we have made predictions for every segment of the lung and checked them one by one (segment-by-segment analysis).
Surgical exploration confirmed predictions in 118 patients (83%). In these patients, we found complete agreement between the TUS predictions (absence/presence of adhesions and their localization) and the surgical exploration.
The results of the lesion-by-lesion analysis are reported in Table 3 . Based on these results, sensitivity was 80.6% (95% confidence interval, 0.740-0.872) and specificity 96.1% (95% confidence interval, 0.949-0.973). The positive predictive value was 73.2% and the negative predictive value 97.4%. The global accuracy of the test was 94.3%.
According to the European Respiratory Society criteria for COPD {forced vital capacity (FVC)/forced expiratory volume in the first second (FEV1) < 70% and FEV1 < 80% of predicted [6] } we subdivided our patients into two subgroups: group A (n = 68) comprised non-COPD patients and group B (n = 74) COPD patients. Group A showed a sensitivity of 91.6% and a specificity of 83.3%. In group B, TUS showed a sensitivity and specificity of 71.4 and 76.7%, respectively, for detection of adhesions. In group A, the positive predictive value was 94.9% and the negative predictive value 92.9%, while in group B the positive predictive value was 87% and the negative predictive value 89%.
The sensitivity and specificity of TUS in different lung regions was compared. We considered an apex zone (R1; L1-L2), a middle zone (R3-R5; L3-L4 and L6) and a lower zone (R9-R10; L5 and L8-L10; see Table 2 ). The sensitivity and specificity of TUS at the apex were 76.9 and 91.7%, respectively. In the middle zone segments, TUS showed a sensitivity of 82.6% and a specificity of 93.7%. The highest sensitivity (94.6%) and specificity (98.5%) of TUS were found in the lower zone segments.
Eighteen of our patients had previously undergone ipsilateral lung surgery. Using preoperative TUS, pleural adhesions were found in all of these patients.
On a patient-by-patient analysis, complete intraoperative confirmation occurred in 10 of them (55%). In eight patients, we found more adhesions than predicted.
In our study, we performed 52 VATS procedures. Two of them were converted to open thoracotomy because of dense adhesions, predicted by TUS.
DISCUSSION
Pleural adhesions increase the risk of lung injury from the videotelescope and, in severe cases, prevent access to the pleural space, requiring conversion to open thoracotomy. Adhesions increase the intraoperative time and morbidity in thoracic surgery, because of poor visualization, bleeding, and lung and vascular trauma [1] . The possibility of predicting the presence of adhesions, their position and their diffusion can be useful to establish the initial port site or to choose between an open or VATS approach [4] .
Thoracic computed tomography (CT) has been studied by Mason and colleagues [2] in order to predict pleural adhesions. They reported a limited accuracy of CT scans, with a sensitivity of 72% and specificity of 71% on a patient-by-patient basis, with a sensitivity of 46% and specificity of 38% on a lesion-by-lesion basis.
The use of ultrasound to predict serosal adhesions prior to surgery is well known. In general surgery, there are reports that show good accuracy (83-97%) of abdominal sonography to reveal and to map peritoneal adhesions [7] . The pleura is the thoracic structure that can be observed most easily with TUS, owing to its superficial position and large change of acoustic impedance compared with underlying tissues. The normal lung displays lung sliding (or the gliding sign), a movement in rhythm with respiration at the pleural line that indicates sliding of the visceral pleura against the parietal pleura, which has been well described by Lichtenstein and Mezière [8] . The absence of the GS, associated with the presence of one or more B-lines, is a diagnostic sign of pleurodesis [9] . Patients with untreated pneumothorax were excluded from our study because of the similar sonographic pattern to pleural adhesions. If there is air in the pleural space, the visceral and parietal pleura are not in contact with each other and thus the gliding sign is absent [8] .
Transthoracic ultrasound has also been found to be an extremely valuable diagnostic tool for veterinarians in a teaching hospital situation, for field veterinarians and for those involved in research into bovine respiratory disease [10] . Chest ultrasound was also found to be an accurate modality for assessment of chemical pleurodesis in rabbits [9] .
In recent years, there has also been an increasing interest in TUS in the setting of thoracic surgery [11] [12] [13] .
Some studies on pleural adhesions in humans have been done. In a retrospective study by Tateischi et al. [14] , they reported that pleural sliding was absent or decreased in 100% of their patients with adhesions, indicating this as a major predictive sign for pleural adhesions.
The first prospective study was by Sasaki and colleagues [3] . They studied 42 patients prior to thoracic surgery, focusing on visceral sliding. They found better results for the lower thoracic cage, with a sensitivity of 81.5% and specificity of 81% vs. 63.6 and 79.4%, respectively, in the upper thoracic cage. They also demonstrated that there were no adhesions if the pleural excursion was greater than 2 cm in the lower thoracic wall and greater than 1 cm in the upper thoracic wall.
A recent study by Leo et al. [15] showed that evaluation of postoperative pleurodesis by TUS is feasible. They studied 10 patients submitted to VATS pleurectomy or pleural abrasion after spontaneous pneumothorax. One month after surgery, they explored nine thoracic regions, looking for the GS. Absence of the GS was noted in all the explored regions after pleurodesis. In the pleural abrasion group, they found some points of GS present. They had one recurrence. Interestingly, it was exactly at the level of a persistent GS zone shown by postoperative TUS.
More recently, a prospective blinded study was carried out by Wei et al. [4] . Their study had a design and results comparable to our series, but with some differences. They enrolled 117 patients prior to surgery, looking for the GS at the sixth intercostal space in the midaxillary line, which is generally used for the initial trocar insertion during VATS. Their evaluations were performed by one radiologist, while ours were performed by surgeons, with comparable results. They had higher sensitivity than in our series (88.0 vs. 80.6%, respectively), but lower specificity (82.6 vs. 96.1%, respectively). Their higher sensitivity is probably due to their exploration of the sixth intercostal space, where the GS is greater. In both series, the negative predictive value was high (96.2% in their study vs. 97.4% in ours). These results show that TUS is a reliable test to exclude pleural adhesions and to find a safe insertion site for the first trocar.
Transthoracic ultrasound is a operator-dependent technique. To standardize the approach and to make it repeatable, we created a topographic map of projections of pulmonary segments. This permitted us to calculate sensitivity and specificity in different lung areas precisely and to observe every difference.
The exploration of the upper part of the thoracic cage and upper lung segments is harder [3, 4] . The greater distance from the probe to the pleura and the smaller lung movements make the interpretation of the scan more difficult. In contrast, the GS at the pulmonary bases is often easily recognizable. We think it is the proximity of the diaphragm that gives this region the highest degree of excursion.
According to our results, TUS has a statistically significant lower accuracy for the upper segments compared with the whole lung. In the lower regions, we found a higher accuracy (sensitivity and specificity for the lower zone were 94.6 and 98.5%, respectively, vs. 82.6 and 93.7% in the middle zone segments and 76.9 and 91.7% at the apex).
The detection of pleural adhesions with TUS in COPD patients is known to have a low accuracy [4, 5] . In COPD patients, the gliding sign is harder to observe, even in the absence of pleural adhesions. This is due to the well-known hyperinflation of the emphysematous lung and its smaller respiratory movements. In our subgroups of COPD patients, according to the literature, we found a decrease in the predictive accuracy of TUS. Our sensitivity and specificity for the COPD patients vs. non-COPD patients were, respectively, 71.4 and 76.7 vs. 91.6 and 83.3%.
In some cases TUS failed to predict pleural adhesions correctly. In a patient admitted for lung volume reduction surgery, we predicted adhesions on many posterior segments (R2, R6 and R4). A intraoperative examination revealed no adhesions on that side. A preoperative chest X-ray revealed a giant emphysematous bulla involving the entire posterior surface of the lung (Figure 2 ). This can be explained by the lesser movement of the giant bulla and its great air content.
In the case of reoperation, many pleural adhesions can be expected. In our series, we found adhesions in all of the reoperated patients, but could not predict all of them and their exact distribution. We cannot completely explain this finding; however, in our opinion this is due to the inability of TUS to be accurate in the case of increased density and heterogeneity of adhesions. Otherwise, weak adhesions may produce a minimal degree of pulmonary excursion that may result in pleural gliding at the TUS.
In all the other studies on preoperative detection of pleural adhesions, only B-mode examinations were used. In our study, after a B-mode examination, if we could not identify any gliding we performed an M-mode scan. In the case of pleural adhesions, the normal sonographic M-mode pattern, the so-called 'shore and sea', is substituted by the 'troposphere' sign [8] (Figure 3) . With M-mode examination, we could identify in some patients a subpleural motion even in the absence of a clear B-mode gliding sign (Figure 4 ). According to our experience, the second look obtainable by this technique was useful in settling some doubtful cases. We have not reported when and where we used M-mode, because this was not an objective of this study; however, we believe this to be a promising technique and we think further studies are needed.
As frequently occurs in everyday clinical practice, TUS is a very useful tool to rule out a suspected diagnosis. Not surprisingly, the same concept is true for pleural adhesions; in fact, we found a specificity of 96.1% and a negative predictive value of 97.4%. These findings permit a secure thoracoscopic access when adhesions are excluded by TUS. On the contrary, when adhesions are seen with TUS in a COPD patient, the prediction alone cannot be considered as a contraindication to VATS.
The findings of our study may have significant clinical implications. The routine use of preoperative TUS could decrease the complications related to unexpected pleural adhesions and achieve better planning of the surgical approach.
Limitations of the study
Some limitations relating to the design of the study have to be acknowledged.
First, our study is based on a small population of COPD patients and reoperated patients. It is possible that wider use of TUS may help to improve sensitivity and specificity in these subgroups of patients.
Second, the study was performed in a single hospital, with two examiners trained in lung ultrasound. TUS is a skilldependent technique, and issues have been raised regarding how to determine a standard of training for chest sonographers.
CONCLUSIONS
This prospective, double-blinded study demonstrated that TUS, performed by trained thoracic surgeons, is a fast, cheap, noninvasive and accurate method for the preoperative diagnosis of pleural adhesions. Further studies are needed to improve the accuracy of TUS in particular subgroups of patients, especially in reoperated and COPD patients. 
